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✓ enhance Greece’s nature conservation framework

✓ ensures the country’s compliance with the European
Union’s nature legislation

✓ integrates actions covering all aspects of nature

protection: policy, economy, society and science.
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Ecosystem type map of Greece outside Natura 2000 SACs

Introduction: Background and Motivation

LULC products:
▪ proxies for Ecosystem Types
▪ key input for ES models

EO data:
▪ spatially continuous, timely and accurate information
▪ global, continental and regional LULC products

Large scale LULC efforts
limitations:

▪ diverse input data
▪ accuracy variability
▪ coarse update intervals
▪ coarse thematic resolution
▪ coarse MMU

Need for

▪ timely, on-demand LC datasets

▪ end-to-end automated workflows

Technology:
✓ EO imagery:

▪ open-access
▪ medium-high spatial resolution
▪ high temporal resolution

✓ Cloud computing platforms
✓ ARD

Challenges:
▪ large multi-temporal, multi-sensor datasets
▪ plethora of processing algorithms
▪ reference data
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Ecosystem type map of Greece outside Natura 2000 SACs

Introduction: Main objectives

✓classification workflow
✓fine-scale LC product for ES mapping

▪ EU MAES, EU Biodiversity Strategy to 2020
▪ 21 classes (MAES 3rd level)
▪ 10m Sentinel-1 and Sentinel-2
▪ OBIA
▪ use of Copernicus geospatial information for collecting reference data

Additional objectives

✓ 2 training data extraction strategies (manual VS automated)
✓ 2 temporal compositing strategies (seasonal VS monthly)
✓ different features for classification

Athens, Wednesday, May, 22



Ecosystem type map of Greece outside Natura 2000 SACs

Introduction: Study area - Greece

▪ ~ 131,957 km2

▪ ~ 78% mountains
▪ largest coastline in EU
▪ highly diverse landscape
▪ multiple climate classification
▪ large Ecosystem variety
▪ forests ~37% Only CORINE and Ecosystem Type Map of 

Europe available
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Ecosystem type map of Greece outside Natura 2000 SACs

Methodology: Overall workflow

Sampling
Approach

Compositing Feature 
Set

Number of
Features Abbreviation

1 Manual Seasonal Full 144 M-S-F
2 Manual Seasonal Reduced* 84 M-S-R
3 Manual Monthly Reduced* 168 M-M-R
4 Automated Seasonal Full 144 A-S-F
5 Automated Seasonal Reduced* 84 A-S-R
6 Automated Monthly Reduced* 168 A-M-R

6 classifications:

*S2 L2A bands excluded

Athens, Wednesday, May, 22



Ecosystem type map of Greece outside Natura 2000 SACs

Methodology: Overall workflow
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Ecosystem type map of Greece outside Natura 2000 SACs

Methodology: Satellite data and preprocessing

✓ GEE data catalogue

Composite method:
median

Segmentation: Simple Non-Iterative Clustering (SNIC) on 10 m S2 L2A July composite (bands B2, 
B3, B4, B8)
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Ecosystem type map of Greece outside Natura 2000 SACs

Methodology: Feature extraction
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Ecosystem type map of Greece outside Natura 2000 SACs

Methodology: Classification scheme

It was challenging to harmonize the 
ecologically- interpreted classes with the 
LULC classification schemes of different 
reference data sets.
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Ecosystem type map of Greece outside Natura 2000 SACs

Methodology: Reference data

manual sampling approach 
= 

manually correcting automated samples
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Ecosystem type map of Greece outside Natura 2000 SACs

Methodology: Classification and accuracy assessment

• Random Forests

• confusion matrix & derived standard accuracy 
measures
• OA

• PA

• UA

• Individual Classification Success Index (ICSI)
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Ecosystem type map of Greece outside Natura 2000 SACs

Results
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Ecosystem type map of Greece outside Natura 2000 SACs

Results - Accuracy

Sampling
Approach

Compositing
Feature 

Set
Number of

Features
Abbreviation

1 Manual Seasonal Full 144 M-S-F

2 Manual Seasonal Reduced* 84 M-S-R

3 Manual Monthly Reduced* 168 M-M-R

4 Automated Seasonal Full 144 A-S-F

5 Automated Seasonal Reduced* 84 A-S-R

6 Automated Monthly Reduced* 168 A-M-R

*S2 L2A bands excluded
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Ecosystem type map of Greece outside Natura 2000 SACs

Results - Accuracy

▪ monthly instead of seasonal improved 
13 classes

▪ low accuracies for 5.x.x and 3.4.1 in all 
classifications
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Ecosystem type map of Greece outside Natura 2000 SACs

Results - Confusion matrix

✓ Confusion matrix for best performing classification (M-M-R)

✓ in all classifications, confusion between:
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Ecosystem type map of Greece outside Natura 2000 SACs

Results - Visual assessment

✓ Confusion matrix for best performing classification (M-M-R)

▪ minor differences between different 
feature sets

▪ considerable differences between 
different sampling techniques

automated sampling:
overestimation of mixed forests (5.3.1) and 
Mediterranean coniferous forests (3.3.2), 
underestimation of  low density urban 
fabric (1.1.2)
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Ecosystem type map of Greece outside Natura 2000 SACs

Results - Visual assessment

monthly features instead of seasonal 
created errors in high-moisture agriculture 
areas

manual sampling: 
arable land (2.1.1) was frequently classified 
as floodplain forests (3.2.1)
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Ecosystem type map of Greece outside Natura 2000 SACs

Results - Visual assessment
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Results - Visual assessment
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Results - Visual assessment
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Ecosystem type map of Greece outside Natura 2000 SACs

Results - Visual assessment
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Ecosystem type map of Greece outside Natura 2000 SACs

Results - Variable importance

✓ Most important variables

❖ topographic features

❖ object properties

elevation, slope, TRASP

area, form factor, fractal

❖ SAR VV/VH ratio

❖ only SWIR (B11) S2 spectral bands
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Ecosystem type map of Greece outside Natura 2000 SACs

Discussion
First national scale LC mapping

✓complex classification scheme
✓ecological-relevant classes

OBIA:
✓accounts for geolocation offset
✓accounts for cloud masking 
errors
✓exploitation of object 
properties

RF:
✓ability to handle highly 
correlated multidimensional data

Lower accuracies in classes covering 
different ecosystem types but similar 
spectral responses → ecological 
modeling needed

Contribution
▪ end-to-end automated workflow, for annual LC 

mapping in Greece
▪ ecosystem condition and ES mapping and assessment
▪ roadmap for the further development

Key findings
▪ EO data alone are not adequate for predicting and 

mapping the complex Mediterranean landscape
▪ automated sampling not so efficient in complex and 

ecological-relevant classification schemes
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Ecosystem type map of Greece outside Natura 2000 SACs

Published paper & code

https://doi.org/10.3390/rs12203303

https://github.com/n-verde/LIFE-IP_4_NATURA

Athens, Wednesday, May, 22
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Ecosystem type maps at local (case study) scale / large scale

✓ GR1140004 Koryfes Orous Falakro
✓ GR1110002 Dasos Dadias – Soufli
✓ GR1340004 Limnes Vegoritida – Petron
✓ GR 4320002 Dikti
✓ GR 3000005 Sounio

Pilot areas
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Ecosystem type maps at local (case study) scale / large scale

Workflow

Data set
OBIA

Accuracy Assessment

Training Sample
(N2K, habitat map Natura 

2000)

Validation Sample 
(N2K, Google Earth, VHR)

Ecosystem types maps 
1945, 1996, 2007, 2022

EU-DEM, CLC, N2K

• MAES Ecosystem types (level 2)
• Spectral Bands & Indices, 

Elevation, Slope, TRASP

Visual interpretation
(historical orthophotos)

Random Forest

International Workshop On Earth Observation For SEEA Compliant Natural Capital Accounting LIFE IP 4 Nature in Greece

GIS

Athens, Wednesday, May, 22



Ecosystem type maps at local (case study) scale / large scale

Data inputs

✓ European Digital Elevation Model, EU-DEM
✓ CORINE Land Cover (CLC)
✓ Natura 2000 (N2K)
✓ Habitat map of Natura 2000 terrestrial areas (National Cadastre and Mapping Agency) (1:5000)

Historical orthophotos

✓ Orthophotos 1945 1m

✓ Orthophotos 1996-1998 1m

✓ Large Scale Orthophotos 2007 0,5m

✓ Sentinel 2 L2A August 2022 10m

✓ PlanetScope August 2022 3m

Satellite data

Geospatial data

International Workshop On Earth Observation For SEEA Compliant Natural Capital Accounting LIFE IP 4 Nature in Greece Athens, Wednesday, May, 22



Urban Cropland Grassland

Woodland and Forest Heathland and shrubSparsely vegetated land

Wetlands Rivers and lakes Mines

Burned areas Burned areas Moderate severity

Ecosystem type maps at local (case study) scale / large scale

Classification Scheme

International Workshop On Earth Observation For SEEA Compliant Natural Capital Accounting LIFE IP 4 Nature in Greece

✓ 11 classes based on MAES-Level 2 ecosystem types

Athens, Wednesday, May, 22



Ecosystem type maps at local (case study) scale / large scale

Reference Data

International Workshop On Earth Observation For SEEA Compliant Natural Capital Accounting LIFE IP 4 Nature in Greece

✓ Natura 2000 (N2K)
✓ Ηabitat map of Natura 2000 by the National Cadastre and Mapping Agency (1:5000)

Training Sample

Validation Sample 

✓ Google Earth
✓ VHR IMAGE 2018

Athens, Wednesday, May, 22



Ecosystem type maps at local (case study) scale / large scale

Feature Extraction

International Workshop On Earth Observation For SEEA Compliant Natural Capital Accounting LIFE IP 4 Nature in Greece

✓ Blue
✓ Green
✓ Red
✓ Near Infrared - NIR

Spectral Bands

Spectral indexes

✓ NDVI
✓ NDWI
✓ NDSI

Topography

✓ Elevation
✓ Slope
✓ TRASP

Athens, Wednesday, May, 22



Ecosystem type maps at local (case study) scale / large scale

Classification

International Workshop On Earth Observation For SEEA Compliant Natural Capital Accounting LIFE IP 4 Nature in Greece

✓ Object Based Image Analysis-ΟΒΙΑ

Segmentation 
level

Scale

parameter

Shape

criterion

Compactness 

criterion

Image Layer 

weights
1 20 0,1 0,5 1,1,1,1

2 40 0,1 0,5 1,1,1,1

3 80 0,1 0,5 1,1,1,1

✓ Random Forest algorithm

Athens, Wednesday, May, 22



Ecosystem type maps at local (case study) scale / large scale

Visual Image Interpretation

International Workshop On Earth Observation For SEEA Compliant Natural Capital Accounting LIFE IP 4 Nature in Greece

✓ Air photos 1945 -1996 : Manual interpretation on screen digitising
✓ Air imagery 2007: Manual interpretation on screen digitising

1945 1996 2007

Athens, Wednesday, May, 22



Ecosystem type maps at local (case study) scale / large scale

Ecosystem types maps 

International Workshop On Earth Observation For SEEA Compliant Natural Capital Accounting LIFE IP 4 Nature in Greece

✓ GR1140004 ✓ GR1110002

Athens, Wednesday, May, 22



Ecosystem type maps at local (case study) scale / large scale

Ecosystem types maps 

International Workshop On Earth Observation For SEEA Compliant Natural Capital Accounting LIFE IP 4 Nature in Greece

✓ GR1340004 ✓ GR 4320002

Athens, Wednesday, May, 22



Ecosystem type maps at local (case study) scale / large scale

Ecosystem types maps 

International Workshop On Earth Observation For SEEA Compliant Natural Capital Accounting LIFE IP 4 Nature in Greece

✓ GR 3000005

Athens, Wednesday, May, 22



Ecosystem type maps at local (case study) scale / large scale

Ecosystem types analysis

International Workshop On Earth Observation For SEEA Compliant Natural Capital Accounting LIFE IP 4 Nature in Greece Athens, Wednesday, May, 22



Ecosystem type maps at local (case study) scale / large scale

Ecosystem types analysis

International Workshop On Earth Observation For SEEA Compliant Natural Capital Accounting LIFE IP 4 Nature in Greece Athens, Wednesday, May, 22
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Ecosystem Services maps at local scale / large scale

Workflow

Data set

International Workshop On Earth Observation For SEEA Compliant Natural Capital Accounting LIFE IP 4 Nature in Greece

Bioclimatic, 
Soil data, 
EU-DEM , 
River basins, 
Ecosystem type maps 

Carbon Storage

Water Yield

Maximum Potential Water Retention

Soil Protection from Erosion 

Nutrient Delivery Ecosystem Services Temporal Maps
1945, 1996, 2007, 2022

Ecosystem Services 
Changes Maps

Ecosystem Services selection

Athens, Wednesday, May, 22



Ecosystem Services maps at local scale / large scale

Data sources

International Workshop On Earth Observation For SEEA Compliant Natural Capital Accounting LIFE IP 4 Nature in Greece

Bioclimatic Data

✓ CHELSA

LULC

✓ Ecosystem type maps
(1945-1996-2007-2022)

Soil Data

✓ European Soil Data Centre – ESDAC
✓ World Soil Information - ISRIC

Geospatial Data

✓ European Digital Elevation Model,
EU-DEM

✓ Joint Research Centre- JRC

Athens, Wednesday, May, 22



Ecosystem Services maps at local scale / large scale

Ecosystem Services 

International Workshop On Earth Observation For SEEA Compliant Natural Capital Accounting LIFE IP 4 Nature in Greece

Carbon Storage
Soil Protection from 

Erosion 
Water Yield

Maximum 
Potential Water 

Retention
Nutrient Delivery

Athens, Wednesday, May, 22



Ecosystem Services maps at local scale / large scale

Ecosystem Services 

International Workshop On Earth Observation For SEEA Compliant Natural Capital Accounting LIFE IP 4 Nature in Greece

Input data

Carbon Storage

✓ C_Above

✓ C_Below

✓ C_Soil

✓ C_Dead

𝐶𝑡𝑜𝑡𝑎𝑙 = 

𝐿=1

𝑖

𝐴𝑖 × (𝐶𝑎𝑏𝑜𝑣𝑒 + 𝐶𝑏𝑒𝑙𝑜𝑤 + 𝐶𝑠𝑜𝑖𝑙 + 𝐶𝑑𝑒𝑎𝑑)

✓ LULC

Output data

Athens, Wednesday, May, 22



Ecosystem Services maps at local scale / large scale

Ecosystem Services 

International Workshop On Earth Observation For SEEA Compliant Natural Capital Accounting LIFE IP 4 Nature in Greece

Input data

Soil Protection 

✓ LULC

𝐴𝐸𝑅𝑖 = 𝑅𝐿𝐾𝑆𝑖 − 𝑈𝑆𝐿𝐸𝑖

✓ DEM

Output data𝑈𝑆𝐿𝐸𝑖 = 𝑅𝑖 ∙ 𝐾𝑖 ∙ 𝐿𝑆𝑖 ∙ 𝐶𝑖 ∙ 𝑃𝑖

✓ Erosivity

✓ Soil Erodibility

✓ Biophysical Table

✓ Watersheds

✓ Threshold Flow Accumulation

✓ Borselli K Parameter

✓ Maximum L Value

Athens, Wednesday, May, 22



Ecosystem Services maps at local scale / large scale

Ecosystem Services 

International Workshop On Earth Observation For SEEA Compliant Natural Capital Accounting LIFE IP 4 Nature in Greece

Input data

Water Yield

✓ Evapotranspiration

✓ Precipitation

Output data
𝛶 𝑥 = 1 −

𝛢𝛦𝛵 𝑥

𝑃 𝑥
× 𝛲(𝑥)

✓ Root Restricting Layer Depth

✓ Plant Available Water Content

✓ Z Parameter

✓ Biophysical parameters

✓ LULC

✓ Watersheds

Athens, Wednesday, May, 22



Ecosystem Services maps at local scale / large scale

Ecosystem Services 

International Workshop On Earth Observation For SEEA Compliant Natural Capital Accounting LIFE IP 4 Nature in Greece

Input data

Water Retention

✓ Permeability

Output data

𝛶𝑆 =
25400

𝐶𝑁
− 254

✓ Drainage Capacity

✓ LULC

GIS

CNII = 6 × iVEG + 9 × iPERM +3 × iSLOPE + 10

Athens, Wednesday, May, 22



Ecosystem Services maps at local scale / large scale

Ecosystem Services 

International Workshop On Earth Observation For SEEA Compliant Natural Capital Accounting LIFE IP 4 Nature in Greece

Input data

Nutrient Delivery

✓ LULC

Output data

✓ Nutrient Runoff Proxy

✓ DEM

Xexp = loadsurf,I x NBRsurfi + load sub,I x  NBRsubi

✓ Watersheds

✓ Biophysical parameters

✓ Threshold Flow Accumulation

✓ Borselli K Parameter

Nitrogen
Phosphorus

Athens, Wednesday, May, 22



Ecosystem Services maps at local scale / large scale

Ecosystem Services maps 

International Workshop On Earth Observation For SEEA Compliant Natural Capital Accounting LIFE IP 4 Nature in Greece

✓ Water Retention ✓ Nutrient delivery✓ Carbon storage

Athens, Wednesday, May, 22



Ecosystem Services maps at local scale / large scale

Ecosystem Services analysis 

International Workshop On Earth Observation For SEEA Compliant Natural Capital Accounting LIFE IP 4 Nature in Greece

✓ GR1110002✓ GR1140004 ✓ GR1340004

Athens, Wednesday, May, 22



Ecosystem Services maps at local scale / large scale

Ecosystem Services analysis 

International Workshop On Earth Observation For SEEA Compliant Natural Capital Accounting LIFE IP 4 Nature in Greece

✓ GR 4320002✓ GR 3000005

Athens, Wednesday, May, 22



Ecosystem Services maps at local scale / large scale

Ecosystem Services changes 

International Workshop On Earth Observation For SEEA Compliant Natural Capital Accounting LIFE IP 4 Nature in Greece

✓ Water Yield ✓ Soil protection✓ Carbon storage

Athens, Wednesday, May, 22



Ecosystem Services maps at local scale / large scale

Ecosystem Services changes analysis 

International Workshop On Earth Observation For SEEA Compliant Natural Capital Accounting LIFE IP 4 Nature in Greece Athens, Wednesday, May, 22



Ecosystem Services maps at local scale / large scale

Ecosystem Services changes 1945- 2022 

International Workshop On Earth Observation For SEEA Compliant Natural Capital Accounting LIFE IP 4 Nature in Greece Athens, Wednesday, May, 22



Ecosystem Services maps at local scale / large scale

Ecosystem Services status 2022 

International Workshop On Earth Observation For SEEA Compliant Natural Capital Accounting LIFE IP 4 Nature in Greece

✓ Comprehensive ecosystem services index (Carbon storage + Soil protection +Water Retention)

Athens, Wednesday, May, 22
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ppGIS/webGIS LIFE IP 4 NATURA

The site

International Workshop On Earth Observation For SEEA Compliant Natural Capital Accounting LIFE IP 4 Nature in Greece

https://edozoume.gr/

Athens, Wednesday, May, 22



International Workshop On Earth Observation For SEEA Compliant Natural Capital Accounting LIFE IP 4 Nature in Greece

Public Participation GIS

https://gis-natura.gr/

✓ Geospatial tools and data

✓ Photographic Contests

✓ ES-pedia

✓ Story maps

✓ Public Participation Mobile App

✓ Public Participation - Web Applications

✓ Explore the Dara

ppGIS/webGIS LIFE IP 4 NATURA

Athens, Wednesday, May, 22



International Workshop On Earth Observation For SEEA Compliant Natural Capital Accounting LIFE IP 4 Nature in Greece

Geotools

✓ Story map data organized per category

ppGIS/webGIS LIFE IP 4 NATURA

Athens, Wednesday, May, 22



International Workshop On Earth Observation For SEEA Compliant Natural Capital Accounting LIFE IP 4 Nature in Greece

Geotools – WebGIS

✓ Ecosystem types – land cover

✓ Administrative & Environmental resources boundaries

✓ Provisioning Ecosystem services

✓ Regulating & maintenance Ecosystem services

✓ Cultural Ecosystem services

ppGIS/webGIS LIFE IP 4 NATURA

Athens, Wednesday, May, 22



The app

International Workshop On Earth Observation For SEEA Compliant Natural Capital Accounting LIFE IP 4 Nature in Greece

ppGIS/webGIS LIFE IP 4 NATURA
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International Workshop On Earth Observation For SEEA Compliant Natural Capital Accounting LIFE IP 4 Nature in Greece

The app

ppGIS/webGIS LIFE IP 4 NATURA
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The app

ppGIS/webGIS LIFE IP 4 NATURA
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